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BACKGROtMD 

5 The present Invsnticn relates gens c ally to 

recombinant methods a«d materials for securing the 
microbial expression og exogenoas genes coding for useful 
polyp®|Jti<2e products .snd ior securing the recovery of 
such pro<^ucfcs from microbial cells, Hore part icularly j. 

10 the present invention relates to the formation or esog^™ 
nous polypeptides In ye®st eft's 1^: .-.no ::o uhe secretion 
of desired polypeptide proc'ucts so ror-.ped. 

?3oii?eroua substantial advances have recently 
been rtia6e in the use csf !reco:r.binant DMA methocologies 

IS to secure the larqe \^ciaie microbial production of 

aukaryotlc {e>g><, ffiansiali.^n? gene products in prokaryotio 
and eukaryotic cells crown in culture. In essence ^ thasa 
advances hat^'e generally involved the introduction into 
bacterial ^ yeast,, and higher eukaryote "host'^ cell 

ao cultures of DHA sequeKces coding ror polypepti^3es ^hich 
wholly or partlaXlY duplicate the sequences of amino 
acids present in biologically active polypeptides ordi- 
narily produced only in irsinute quaiKtlfeies by^ e.g*, 
speciaiiasa stassaalian tisaiia cells* *rhe hopeMor result 

2S of euch irttroauctions is the stable genetic transforma- 
tion of the host cells so that the polypeptiaes coaed 
for by the exogenous genes will be produced in quantity 
hy the protein manufacturing apparatus of the cells. 

It: has long been the goal of mtkms in tisis 

30 fieia to devise methods and materials permitting not 
only the a;s;pression and stable accumulation or exogenouis 
polypeptides of interest in host cells but also bhe 
secretory transport of intact polypeptide products frcirs 
host cell cytoplasisjic spaces into microbial periplasrdc 

35 spaces or^ preferably, outside the cell into the sar- 
rounding mediuss, 

with particular regard to the ass of B^ colj 
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bacterial ceils as microbial hosts ^ it is known to 
attempt to secure expr^ssioa of desired exo-gsnoas poIy- 
peptides as portions of so-called "fused" poly^efti<3«s 
including f e.g*;- endogenoiis enzyisafclc safes tances such 
as Such ensiyBes nori^ally migrate or ara 

intracellular l;^' processed ro^varc E.coli periplasiJi-lo 
spaces and t.he fusion polypeptides includino enajyma 
sequences ase mose or lass rsedaly isolated theref roin,. 
See, Talirsadce, et alx, PNAS (USA) , 77, 3369-3373 (1980). 
Extracellular che?t$ical or ensyinatlc cleavage Is employed 
to yl'sid the desired e:s:ogenous polypeptides in purified 
fottn, See,<- e,-gv,? U^S, Let:::ers Pntent: Mo, 4,366, 2-56 to 
Ri ggs» At present/ no analogous laethods have been founa 
to be readily applicable to microbial synthetic proce- 
dures involving lower eukaryotic host cells such as yeast 
cells {e*f»* Sacchgtromw^s cgr^v if ias ) * 

A: oonsi^erabls body of knowleclfe hss develog>ed 
concecTilng the saarin^r in which maiamalian gene products ? 
aspeoially small regulatory polypeptides ^ are produced* 
See, generally, Herbert, et al,, Cell, 30, 1-2 (1902)* 
As ona example, biosyntlietic stijdles ba^e re^saied that 
cerfeaiji regulatory peptides are derived from precursor 
proteins '5?hlch are ten times the sise or more than the 
biologically active peptides* ^his fact indicates tfeat 
significant intracellular processing must take place 
prior to secretion of discrete active products by the 
cells, Tise peptides ssust be cut out of the precursor 
and are sometLmes chemically modified to active forsis 
prior to secretion « Claavaga from precursors and cher^- 
ical modifications such as glycoeylation ? phosphocylation 
and secretion are generally belie'/ed to occur in a well- 
defined order as newly synthesised proteins pass ahrough 
the Bi.embranes of the endoplasmic reticulums, Golgi 
coBplessea f and vesicles prior to secretion of biolcgsic^ 
ally active fragments* 



Scudl'ss og polypeptides s&cretad by yeajst cel.U 



have lnclicat:»d th-sfc at laast: somewhat: analcgouts pro- 
cssHing of. prsscurscr proteins occurs prio£ to .sectfetXon 
inco yeast cell periplasmxc spaces or outside the yeast 
cell A very recent review article on this subject 

by Schekman, et al^ stppears at pages 361-393 in -'The 
Molecular Biology o£ the !t'««st: Saccharomyces / Metabolistis 
&nd. G-3n<a Expression ** , Cold Spring Harbor Press (1982). 
Briefly put, the review article and the references cited 
therein indicate that eleven endogenous yeast polypeptide 
products have been identified which are secreted either 
into the p^rlpiasmtc space or into the cellsjlar jnedlum 
ot f on occasion f into teoth , ^ong the yeast polypeptides 
ordinarily secreted into th^ ceiluXar growth medium are 
twO: yesst pherosjort^s, mating factor a and a* pheromone 
peptidase , and ''killer tosin*. Aisiong th« yeast polypep- 
tides ordinarily only transported to periplasraic spaces 
are invertase^ ^.-asparaginase ^ and both the repressibXe 
and constitutive forms of acid phosphatase, 'feast prod- 
ucts which ha-i^e been isolated both from the periplaemic 
space and yeast cell culture Hsedium inclu-le .^-galacto- 
sidasey exo-1 , 3-«-glacanaso , and eado~l,3-~0-glacanase« 
The ffiechanisjns which determine cell wail or eKfcraceliular 
location hav« not yet been elucidated. 



ot these polypeptides has b.?en studied and it ha.? gener- 
ally been found that the producr,3 are initially expressed 
in cells in the norm ot precursor polypeptides bavlnq 
^jrdno terrnxnal regions including "signal" sequenoe.^ 
(i.e., sequences of trovn 20-22 relatively hydrophobic 
amino acid residues believed to be functional In trsns- 
poct to the endoplasmic reticttiuiH) and, in at least some 
instances, "pro" or "pre" sequences which are also 
ordinarily proteolytically cleaved from the portion of 
the precursor molecule to be secreted. S^e, Thill, 
«fc Mol. & Cell. Biol ^ I, (1983), 
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The processing prior to secEeirlon of cert^sin 
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\<ixth the knowledge that yeast cells B.t& capable 
of .intracellular procsssiag of s-ndogeiious precuraos: 
polypeptides; In a manner analogous to the preessinc 
carried out in j«ammallan cell systerss^ studies vere 

5 

recently conducted concerning the potential for secretion 
of hunian Interferons by yeast , See, HitKejr.an, -Bi al,, 
Solance , 219^ 620-625 {1983). Briefly put? transf orjrsa- 
tion vectors were constructed which included DisIA se- 
«|uen<2«s coding for syi^ thesis of hum^n Interferons in 

lO 

the feast § ,^,!a.£fe§,£olY,S. t , § . cereyl§l§§. It %?as reported 
that ^jspt^ssioft ot intarferon cfenss containing coding 
ssiju^nces for baman ^secretion, signals" resulted in febe 
eecretioiii into tfee yeast call otsitusre siedlusi of polypep- 
tide ftagiaents having interferon issauno logical activity. 
Whil« the I«'5r^ls of interferon ectlyity found in the 
me^l(^ wers quite lo*f and a significant percentage of 
the secreted material was incorrectly pcocesead^ the 
results of the etudiss were said to eatablish that lower 
eukaryotes euch as yeast can rudi^entarily utilise and 

20 

intracellularly process human signal sequences in the 
mnner of endogenous exgnal se<|uences . 

Of particnlar Interest to the background os 
tha present invention is the developing body of Infonsa- 
tioa available concerning the synthesis and secret ion 

as 

of the yeast oligopeptide pheronione? or niatinq factor 
comaonlY refetrred to as mating factor a ("MFa"). Mating 
in yeas^ appears to be facilitated by oligopeptide 
pheromones (mating factors) of two types, a and a^ tnat 
caase the arrest of cells of the opposite type In tbe 
"■ ' Gl phase of the cell s-^ivision ovcle. Yeast calls of 
the o raating type prodace Mr>; in r; r icecape pride and 
dodecapeptide forms which d if tec or; the basis of the 
.presence or absence of a terminal tryptophan residue, 
wbiie cells of the a type produce MFa in t^o alternative 
undecapeptide forme; which differ in terias of the identity 
of the sixth amino acid residue* 
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The stcuctus* o£ the yesast Mb''„x g-^ne has 
recently been fche si^bject of sfcudy fcy Kurjan^ efc 
as raportec in Cell, 30, 933-943 (1982). Brl-ofly pub, 
segrr.ents of yeast geaorrdc DNA were inserted into a high 
copy nutnbsrr plassiid vectoir {YSpi3) » The vectors were 
employsc to trraniscorm .tiutant irsataS; XeuS ysast csllss 
H'hich fv^lled to sjecrete MF:.^ and the culture medium was 
assayed gor- the "restoration'' of Mfa secretory activity. 
Those plasmlds Incluoir.g a 1.7kb ^coRI fragment together 
with one cr iriore qenojsic EcoRI fragments of lesser slaie 
were able tc rssrore MFa secretory function. Sequencing 
of portions oi: tha l,7kb ScoRl fragisetst ravealed that 
the cloned segtp.ent includes Dm sequences coding for 
Soar, spacea-apart copies of MFa within a patativa 
precursor polypeptide i?hich extends for a total of I6S 
amino acids. 

TM mino tei-minaX region o£ the putatit?e 
precursor aelineated by Kurian^ et al*^ begins with a 
h'/drophobic sequence ot about 22 &-mino so ids that pt^- 
sxxms^hlf acts as a signal sequence £or secretion. A fol- 
lowing .segment of approxiisafc^ly siKfcj amino aoids con- 
tains three potential glycosyXation sites * The carboKvl 
terminal region of the precursor contains four tarx6&m 
copies of mature alpha factor each -ptec&o&d by "spacer" 

' peptides of sIj? or eight amino acids, which are y/poth^-^ 
sized to contain proteolytic proc«?ssinq isi^nal:^. 

The pu::.atlve protein-cod ina re>?ion wirrhin the 
approximately 830 base pair sequence of the MF« gene 
psblisheiS is as follows; 

' TA3LB I 

1 10 20 30 40 

ATG AGA tTT CCT TCA ATT TTT ACT GCA GTT TTA TTC GCA CCA 
Met Arc Phe Fro Ser lie ^he Tbr Ala Val Leu Phe Ala Ala 
i 10 , 



Ser Ser Ala Leu Ala Ala Pro V^l Asn Thr Thr Thr Glu Mp 
20 
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so 100 110 HQ 

ACQ QCA CM. ACT CCG QCT Q.^'k i?CT C'^C TO GOT TAC ICA, 

<31u Tbr ^la Gin 11^ Pro Ala GI« Ma \al :ie Cly Tv- Ser 

30 40 

„ 130 140 ISO ISO 

GA^ TO GAS. GQG GAT TTC Q^T <3tT GOV Gtl? CCA ':'TT ICC 

Asp Lea Glu Glv Asp Phe ?i«p Val Ala Val Leu Pro »he Ser 
50 

170 ISO 190 200 210 

AAC A<3C ?iCA AAC AAC GGG TTA TO 1?TT ATA AAT ACT IVCT AT^ 

A«n Ser Tbi At^a A^sn aiv Lesj t»etE P&e tie Asn Thr Tbr He 
10 SO 70 

22Q 230 240 2 SO 

GCC AGC ATT ^fCT GCT AAA QhA QM. QQG OTA tCT T?G GAt? AAA 
Ala S«?: rif= ?>.la Ala tvs Glu Gl« Gi^ Val S&r L»gu Asp Lys 

AGA OAS GCT feAA GCT TGG CAT 1?GG « CAA Cm AAA CCS -SSCC 
■^^ Arg Gla Ala Glu Ala Trp His trp Leu Gin Leu Lys ^rcs Gly 

OV CC^\ -a'R" r.\C AAG AGA GAA <3CC 3AA GCT CaT 
a.n Pro mt ^yr lys Arg Glu Ala QIu Ala Giu Ala Trp His 

340 ~ * 350 360 379 

rSG CTS CAA C5?A AAG CCT GGC CAA CCA ATG TAC AAA ACA CAA 
Trp lieu Gin lie^j Sro Gly <»ln ^ro MBt Tft LfB Arg Glu 

B-..i:n «^ "5 

C^CC .'AC GCr G<V CCT TQG CA'X' IX^O .'"C Cn\ C?A A'G ^C? GCC 
A~a Aop Ala '31u \ls rrp tUs Trp It. a Gl" l<ua L^i^ Gl^*- 
as 2.32 

H.naiII 

CAA CCA ATG TAC AAA AGA GAi% <5CC GAC CUT C-AA CCT TGG CAT 
Gin Fro M^t Tvr l^ys Arg Glu Ala Asp Ala Glu Ala Trp Els 

470 4|0 490 

TGG TT0 CAG TTA AAA CCC CAA CAA ATG ?AC T^^iA 

30 Trp Gin Lea l,ys Pro Gly Gin Pro Met Tyr Sstop 

1«S 



As peeviousls' not^d^ the MFa gene described 
in Kurjan, et al.? supra , is coafcained on a 1*7 kllob«se 
EcoRI y^ast genomic fragment. Production, of th« gene 
35 ptroduct is inactivated by clea-^age with the endonuclease 
HinaxiX ana it was noted that Hindlll digestion yieiaed 
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While tbe work of Karjiasi^ et aX* served to 
provide Siuch val«ablsi informafion aa<3 .aany valuables 
proposals corccrnxng MFa ssyntnesls -.nd ss^ore^ric- in 

v'ac •A.-et'^ci d-c above- '.otcJ l^^kb I^ooRI ^ea-^r a'-^i^^Te 
fr'^gmsni proviso:; a self -con ta^s-^Svj sequence oap:;bvS of 
dirootma s\"^tnc,sis of nwn Ci,s., wiet.i^r "deluded 

IS 

t^o onfciro er3cgoroas promoter 'rcgola^^r £o: precar^or 
Bynzhii&is or, cn the ot^^^r 'i^inJ , repaired tn$ jr?^ssnCsi 

included whothot the psr^aence of DKA "-ep^azs" w^ass 
r«*^uired for ViWa ^seprsssion, whether fche specific %7.ze 

1:5 

of the HFa polypeptide is a critical factor in B^cs^v.otY 
processing events^ and whether all potential copies at 
MFa iH: the precussoc pol^^ptide are in £act secreted 
sy yaa^t celisi* 

recent pisfolication b^^^ Juliasy efe al.^ CelX y 
3a, 839-S5:i {1983) serves to partially confim the JCTce 
precursor Is^pothesie ot Surjan^ al. tJj noting that 
mutant yeast streiisa defsctim in their capacity to 
produce certain mestbrane-boand ^ heat^stable dip^ptidyX 
diamlnopeptidaee erisymes (coded for by the "ataia" gena) 
secrete incompletely processed forms ot M^u ha'ying addi~ 
t tonal astino terij^inal rasidues duplicating "epacer" 
sseqaeaces describad by Kurjan^- et al. Restoration of 
-he i^Ltancs' cupcicity to propetly ptccoss MFa was demon- 
..^is;:.->d ufou t:;a"isCorn3»tion cf cells »it^ pla??md-torne 

"h« £rt f It ^^11 aor-.*;: -"hat '-"erK- cont;nu<:*«; tJ' 
ex>v^t v=i ne^a t the arr ~\tc>thc-cis and uar^e" xa^s^ -or 

ser-^tory proces$;u9 cf products Cactlxi: -^t^nc tie xsola- 



tion ot products in purifioc iorz- Despite varying 
degrees o£ knov^iedge concocn y-nthesis and prcsceasino 
of yeast-secretec polypc-pcidos and desr^^ite soma prelisii- 
nary success in procedures involving yeast secretory 
processing of exogenous gene products in the fotr^ ai 
©Kogenous precurijor polypeptides, the art ha^; been pro- 
vided with no procedures which take joint advantage of 
yeast cell capacities both to synthesv;:e exogenou.? gene 
products and to properly process endogenous precursor 
polypeptides in a manner p^fmittinq exogenous g«ne prod- 
ucts to be secreted by transformed yeast cells. 



h<imtdim fco one aspect of ths invent ioi?^ there 
are pco^ided 0m ge^senoss whicli code for yeast ceil 
s^fnthssis of novsl hybrid polypeptides incXuaing^ in 
one part, selected exogenous polypeptide amino acid se- 
quence andf in another part? certain endogenous ysast 
polypeptide aisino aci4 sequences, Moe® particularly, 
the hybrid polypeptides codea for by mk sequences oi 
the present indention include, in their carbosyl ternsinaX 
region^ an exogenous polypeptide to be secreted by the 
yeast cells In which the hybrids are synthesised. Fur- 
ther, a portion ot the amino tersiinal region of the 
hybrid polypeptides includes sequences of arsino adds 
\.4iicn duplicate "signal" or "pro" or "pre" sequences 
of istnino tsrnslnal regions of endogenous polypeptide 
precursors of yeast-secreted polypeptides (which se- 
quences are nor-nally proteoly ticallv cXe=3ved rrc?n the 
endogenous precursors prior to polypeptide secretion 
into periplasjnic spaces or Into the yeast cell culture 
Me*3ium) » 

In another of its aspects, hybrid polypeptides 
coded for by DNA sequences of the invention n?ay also 
Include (norxsally proteolytically-clsavedj endogenous 
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yeast polypeptide s«qxj«Bces in tieir caroo^yl t:.o..5RinaI 
regions as well* 

B ^og^noiss yeast Dm sequences duplicated 
g bybria polypeptides of febe inv^ntioii may ba thos« sxtafit 
in DolvTjept vie precursors of various y^a^ii-s&crated 
p:jlyp6ptia«e sucn as mafex 9 factor mating factor 
killer to itif mvertase* nsprassxblc; acxd >-^5pha.t^sa ^ 
consbicutive acid phosphatase &™galactosi>1aso , 

and pc'^* tone po l'-^ i^tesr^ntxr rt-iot,, "-o 
D*<3^^ aoq^'Gncos ofc ~ ^^ -.nvc^-tio-i cede ror a^>or a ^o^^p^ij" 
:;idos ;:,noi>v3„^o ^ Jv. » j^oiyp«pt cl^^s duplicate 
one or lotc Ck^nc^ ^c^C v3€;quc;nc«>;j loa^-'d pclip'jpti^ds- 

qu«,ncc;s -ria/ taus includes pc:rt or al^ of JtFci pr~cu„sor 
's-.gnal'* s:;quxfct<; pan. or <a11 ot tic KFa "pio*" sovi<ercej 
snS^o^ put at all or ony ot .rors ot tae ^aiiznt >!Fs 
" ^-^accr** ceqa^.icoa as d«sct-.bed by Kurjan, 2t al*, sugra, 

sxogencas poiypeptxi^e constitaeafes of fcvbrid 
polypeptides accord 1 s ^ ^« tiosi may be of any 

desired length or assiao acid sequence ^ with the proviso 
tbst it isay be desirable to &voM sequeisces of amino 
acids: wisich normally ccnstitute sites for proteolytic 
cleasrage of precursor polypeptides of yeast-secreted 
pcypeptldes. Jn an illustrative and presently preferred 
embodiment o£ the invention , an exemplary iiovel DBA 
sequence coBstr^oted codes for a hybrid polypeptide 
including, in its car boxy I terminal region, a bunsan 
B-sndorphm polypeptide. 

According to another aspect of the inve* cion, 
DHA transformation vectors ^ro constructed which x cor~ 
pcrata v^bove-^notcd .10^ el DM*, sequences » The^s?' 
v«S:ctors i-'f^ i?n> loved tc at-aoly genot^icaii^.' "t a"£:^rn 
veawt ee^ls ^^^iJ^ „re ii::'- 1 -^altuio .rv^e" coiai- 

t-onift fa'-il -itMC <^\, i^crc^cr tv"* iibx^^. Fo\VF"'P'~ 

tides. The desired hybrids are# in turn? .Intracellular ly 
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proeesssd witfe the result that desirea axogenouss poXypep- 
feide products are secreted into yeast cell per iplasinic 
spaces and /or outside the yeast cell wail Into the yeast 
cell culture msdiiim. In vectors ot the pressent inven- 
tion, expression of the nov^sl DNA sequences may be regu- 
lated by any suifcab?i,e pro/notd-r/ regulator OHA saquence. 

Illustrative exa'Tjpl'SS cf ONA transf oriTjacion 
vectors of the in-^ention include pla«mlds pY«B and pYcaXi: 
on deposit under contract with the American Type Culture 
Coiiectiorw Rockvillcw Maryland, as ATCC Nos* 40068 and 
40069 ^ respectively V Both titese piasmlds include hybrid 
polypeptide ceding ce<?io^^3 under control of promoter '■' 
rsguiafcor sequences duplicating those associated with 
genomic espreselon of MFa by yeast ceils, Plasnsld pYctS 
ikTCC J*o. 4G06S) rsay be eniployed according to the present 
invention to trai^sform a suitable Sacchagomyces 
cereviaiae cell line {&.g*^ any a, Xeu2 strain sucb 8S 
OM3C~2) and the cultured growth of cells so transformed 
results in the accumulation, in the medium ot call 
growth , of polypeptide products po^sesBiTig am or SKsre 
of the biological actX"?lfcies (e.-g-? isMiumreactivity) 
of hamaB g-endorphin. 

OtheK aspectjs an<3 advantages of the inv^entlon 
will become apparent xspon consideration of the following 
detailea description of preferred embcaiments thereof. 



The- novel products and processes provided by 
the present Invention are illustrated in the following 
examples which relate to manipulations involved in 
securing yeast cell synthesis- and secretion of polypep-- 
tide substances having one or inor-a of bhe biological 
activities of husian g-endorphin, ?4ors specifically, 
ExaHiples I through 1 relate to: CD the isolaliioa of 
an HFcx structural gene as a DHA fragment from a yeast 



genomic library and the partial sequencing of th^ cloned 
fragment; (2) the construction of a mh sequence codins 
for hujsjan g^endoirphin? (3) the ligation of the g-sndor- 
phln coding DMA sequence into the MF<x structural ^ene? 
{4) the insertion of the rasultiao DMA sequence into 
a transtoirmaclon vector? ^S) the tran.^£o>-m«cXon of yeaat 
ceils with the resulting vector? (6) the isolation and 
character ixafcion of polypepti.ce products secreted into 
the culture meaXam by transforiaed cells? and (?) the 
construction of an alternative traaseormatlon vsctor. 



3^5 Saccharomvcey ctltYllM® gencs^e library in 

£jCOli was screened with a synthetic oligonucleotide 
feybria ligation probe , and a pXa^isia witb complementarity 
to the probe was'cXoned» From this cloned piasmid a 
2.1kb HcoRI fragment with complemenfcaritj to the probe 
was aubclonea in pBR322, The oligonucleotide probe used 
duplicates tJSe sequence of bases later designated 474 
through 498 of the sense strand D^fA sequence set cut 
in Figure 5 of Kurjan, et al., SHEI£« ApproKimateiy 
500 base pairs of the ieoXated fragment were initially 
sequenced by Maxaia-Gilbert and dideoisY chain tersiination 
techniques and found to be essentially identical to the 
sequence of the protein coding region of an ma struc- 
tural gene set cut by Kurjaa, et al,, supra* Th® 3.1kb 
fragment was digested with Xbal, The larger, l»7kb 
aigestion fragjaent obtained was ligated to a BaaiHI 
-"llnksr" D^TA sequence and inserted Ir.to an S.,.coIi. bac- 
terial plaejjiid (pSBAB; l>e.,- pBR32:2 which had been modi- 
fled to delete the HindXII site) cut with BasjHX, The 
resultin9 piasmid ^ designated pc*Fc, was astplifie<3. 



3S 
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A D]N*A seqijanca codlnq for huaan [Leu~'j 
^-^indorphla polypeptide was synt;hesl2'2a and conscructed 
according to the prrocedct^'as of co~pending UvS» Patent 
Application Serial Mo. 375,493 filed Hay 1982 by 
Strabinsky. The specific sequence consfcructsd is set 
out in Table IX below, Tenislnal base paii' aeqoenees 
outside the coding region are provided to facilitate 
insertion into the MFa structural qem as described # 
infra* 

Una IX X 

Tyr Gly Giy Fhe L^u Thr Ser <»iii Lys Ses^ Gin Thr 
A<3CT TAC GGT iSGT TO t^Q kCC f CI? GaA AAG TCT CAA ACT 
ATG CCA CCA M0 AAC TGO AGA CTT TTC AGA GTT TGA 

Pro Le« Val Thr l.ati Pha tys Asn Ala lis lie i*ys Asn Ala 
CCA » aw ACT fTG TTe AAG: AAC GCT A1!C ATC hm AAC <SCT 
CGT AAC CAA "TGA AAC AAO TTC OTG CGA TAG TAG TtC TTS CGA 

Tvr -Lys Lvs Gly Gla 'i'er T-er 

TAC AAG AAG GGT GAA 'rAA T-^Wi QCTTQ 

ATG TTC TTC CCA CT'S AO?? ATT CGAACCTAC 

Hindu BamSt 



2S . The constructed sequence waa cloned into the 

R£ M13mp9 wnicn had been cut with Hind XIX and BasrJII and 

the eegoence was confir;T!ed. The reeultln^ H13 nm, 
designated H13/8£nd'-9, was purified, 

PXasmia pcsFc was digeat&d with HindllX to 
.delete fchre^ of tha four MFa coding £$^lon&. As may 
be noted from the seqiaenca of the protein -coding region 
35 ot th© MFa structural in Table after such ervao- 

nuclease trsatiaent these remained & HindXXX sticky end 
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at the fctsrmXiial pcction at the first aS the "spacer 
amino acid sequences (Ala^^) ans3 a BlndlixX ssticky end 
■just berors the final HFa se<j«ersce (trp'^^^). 
^ M13/SEn<3-«§, containing the [Leu^'l g-endorphin 

gene^ ^i?a5 sisnllarly digested with Hindlll and the result- 
ix>a 107 "oase pair £tagm^nt wa.'s parigied and Ilgated into 
the HXndlll oiaaved goiFc to generate plasmid psB. The 
DMA .sequence thus gens rated Is seen to code for syn!;hesi,s 
of a new hybcid polypeptide. In the new hybrid polypep- 
tide, there is Included, .n the cerboxyl terminal por- 
tion? an exogenous polypeptide ^ i»e.,j [Le«"^j 
In the new hybrid polypeptide ? there are inclucod ."o~ 
guences of amino acid residues duplicative of one or 

^ more sec[uences which are extant in the amino terminal 
15 

region of endogenous polypeptide precursor of a 
sel^ct^d yeas t-secfe ted polypeptide (i.e.? MFcs) and which 
are nociaally proteoilyfcically cleaved from the yeast- 
secreted polypeptide portion of the precaxsor prior to 

20 

It ta&f b& h®r<& aot^d that is m alfcesnati^e 
oonstrtsctioa available aceording to the invanti&n>^ a 
tandem repeating B^etidoephin q^ne or other selected geiie 
mi^ht be constructed and inserted into the HiftdllX 
olea\?ed paW^* In sucte a tan^Sem repeating gerie construe"- 
tion:^ the termination codons ot the tirst S-^endotphin 
coding sie<j«ence ^oul4 be deleted and the £iESt codi:n<g 
se<j«eRce would be separated from the second sequence 
by, e.g,^ a DNA sequence coding for part or all of one 
of the alternative MFa "spacer" polypeptide forissv Xt 
would be preferred that alternative codons be eitiPloyed 
in the region joininq uhe spacer to uhe second 8-endor~ 
phin sequence so that no Hind I II restriction site would 
remain, Upon Insertion as above, the novel DHA sequence 
would code for a hybrid oolvpeptide -Ahich rurther 
Included a normally protecdy t ically cl«a%-ed endogenous 
yeast sequence in its carfooxyl termlx^.al region, ive-. 
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between two g~endorphin ®tialo<g polypepaiaes » SiiYillarly., 

multxpie repeats of a seiected exogenou^3 gene jr^ay be 

incorporated separately by part: or all of any at the 
variant sFacets, 

■5, 

"^^ nunbci y.5a^?. "g^y^ol- shuttle v'»^ror oGT^l (-'.t witn BdniHX) 
to torn pi,asmio pVaE (ATCC Mo* 40068) ^h^ch was app::fiad 

IS — 

FiasBi^^ FYj*SJ was ejsployad to transform ^ sait- 

eprsiants. Tmn^mm^^ cbXIb vfere grown in ctilturs at 
'^^ 30 ''C in 0*6? Yaast MittOfea Base wltho»t; amino acids 
(Oifcol ^ 2% 9iacps«# 1% hisfeMine ^na 1% trjptopiian, 
Miliiditalirf strain mm^t ttmsiotm^ with a pIsSBid 
itoticai to pfaS, witfe tfefe: es?o^pfeiota that tM g->sridorphin 
cf®n« was ia tfee opposlts orlentafeionr' ??as oulture«2 und^r 
ia@KticaX coaaitloiis a coKtroI* 



Cultu-res from trsnsformsd and control cells 
were ccliected, centrifuged? snd the jsaperna!:ant3 tested 
for the preser.ce of S-endorphln actlxUty by meajis of 
a competitive rad ■ oiinffiuncassay for himmi g-«indorphin 
[New Sngland Nuclear Catalog 1 > activity 

ab all waj? cetermaaed in bhs control sjedia, while slgnif 
icant 8 ^endorphin activity, on an order representing 
200 sjicrograms o£ product per O.D. liter* was toaad In 
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the media Uroiu cultured growth of ran^sformed cells ^ 

EBLC analysis or the concentrated active media 
revealed three major RIA activity peaks* Tha iiiost promi- 
nent peak; representing approxin^ataly one-third of the 
cotal 3~endorphlft acti^ity^ was Isolated and anuno acid 
seqoeacing revealed an esssntislly pure prsparatlon oil 
a polypeptide duplicating the sequence or the final 12 
ami.no acid residues o£ husisn B-sadorphirs . Experimental 
procedures ase under: «?ay to defceriain^ wfe^^thsr the 12 
amino acid product is the result of intracellular prote- 
clytlc processing by the transforned cells or is an arti- 
fact generated by extracellular protaolytlc cleavage 
cccurcing during handling of fche culture meSiuis, If the 
latter proves to foe th© case* protease inhibitors will 
be added to the medium ia future isolativa prooessiag. 



In order to <aete:rmine whether secrstorY 
processing of yeasfc synthesized g-endorphin analog by 
transformed cells will be facilitated by reduction ofi 
the quantities of hybrid polypeptide produced, a single 
copy ("oentroiT!er«3'*) plasmid pYcaE (ATCC no. 40069; has 
been constr\icted with an inserted BastHI fra^jment Brom 
psE* Analysis of cell media of yeast transformed with 
this sector is presently un-det way* 

In further experimental studies ^ the potential 
secretory rate lljriting effecus of available secretory 
processing enxiyrties will be detensir^ed . in one such pro- 
cedurec yeast cells trsnsforined \^-ith v?ectors of bhe 
invention also be tcansf or.'aed to iiK^^orporate an 

stel3 gene as described in C^ulius, et al. , supra, so as 
to provide over -production of the heat stable dipeptidyi 
amlnopeptidase believed to be involved in MFa secretory 
processing , 



is'hil* the foregoing iliastt'atlve examples 
relv^ts to the construction of DJ«A seq«enc8« codxm^ ror 
"sigftai" and "pro" and ''spv>ic-^K ~' polyp-spi: ^ de sequences 
extant in the polypeptide precur^^ot of r-?F'jf It: is 
expected that benericial results rr,ay be secured when 
only one ^-^r t^?o ^uch Sd-quer.ces «i'«s coded for or when only 
a portion otr such sequences (e.g*? only the Lys-Arg por-™ 
tion of a sg^acer) aro coded for. Similarly, vs>ri,lo the 
veac" si-rain aeieo-ed for secretory expression of sxoga- 
nous polypeptide prcdiK-^cs v?ag of the a phenctype* it Is 
not necessarily the case chat c«slls of the a phenotype 
would be unsuitable hosts since the essential secretory 
and processing actlv^ity ssay also be active in a cells. 
Finally, while expression ot novel DISTA sequences in the 
alsove- Illustrative exainples wa® under control of an 
endogenous MFa promoter/regulatoi: within the copy of the 
olone<3 genossic MFa-specifying mk, it is expected that 
other yeast proisot^t; DNA sequences may be suitably 
ernployed. Appropriate proiaoters laay include yeast PGK 
ana AJQH-l prontoters or the G3FDE promoter of applicant's 
co-pending U.S. Patent Application Serial S?o. 412,707, 
filed august 3v IfSa, 

Although the above examples relate specifically 
to construcfctcns involving mA sequences associated with 
endogenous MFa secretion into yeast cell growth ;r.edia, 
it sifill be understood that the successful results ob~ 
taine<3 strongly indicate the likelihood of succ>5ss vhen 
DMA sequences associated with other yeast-secreted poly- 
peptides {as noted above) are ernploved. In this re^sard* 
substantial benefits in polypepr.;de :solat:lon ara ex- 
pected to attend intraoellr/lar .?eo7?.-::Os; y proces.sin^ of 
exogenous polypeptides Into yeast per ip last?; Ic spaces as 
well as into yeast growth media* 

Murderous j^dif icatxons and varisfcions in the 
^'"^ invention as represented by the above illustrative exass- 
pies are expected to occur to those skilled in the art. 



and com&mnm «t sucfe Umifcatioj^^ as a^pesr in fehe 
appended claims BhonxS m plaeea tsgsosi th^ inwatioa. 



IS 
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mkT IS CI.AIM.8D XS; 

1. A D!j5A £0.^5 corf >'\x;^ ig =or y^ast c<sll .^.yn- 
thesis of a hybrid pjiNpeot.o^, 

a portion c" ".-fe c^sooyyl t"riR°naI r>2giDn of 
said hybrid polypeptide conpt a*-^ e-^ocer.ous r-^yF'='P-" 

tice to 'r^e s*5cret-»<i by trose yea?<t aelis In wr\lcri tr^e 
hybrid polyrepiri'le 155 svnthosi^2<3, 

^ por:.ion of the atnino tcrnua^l rag ion oi saiiS 
■^'^ nysrid pc^yreptide ro-npi" i-^ an er.cio9«nous y^as;; poly- 
peptide character issed by including a sequence o£ as&iro 
a<2i«3 residuss duplicative of one or ssor^ se<3««nce§ (1) 
extant in th© amino terminal region of an enaogenous 
polypeptide precursor of a selectea y&ast-secreted poly- 
peptide, and <2) aorstally proteolytioally cleaved ttom' 
the Y^ast-secreted polypeptide portion o£ the endogenous 
poiypeptide precursor prior to secretion. 

2. A JD!?I^ sequence accord iftg to claim 1 v?herein 
the endoganous yeast polypeptide coasprisiag a portion 

of the amino terminal Region of said hybrid polypeptide 
coded for inoXudes a sequence of amino acid residues 
duplicative of one or more sequencee ®>s.tanz in the aT.lna 
terminal region of a polypeptide precursor of a yeast- 
secreted polypeptide selected from the ^roup consisting 
of? 

pooiidas*, k:.^IOi; tcx:n, i£W-srt3?;e ^'eo^e^Sw^ Die acid 
ph5.Tp^a"'^s«5 , ccnst:itut;ve acid pnoe?p[v.r u-^e , e~ca;i.— c:^:- 
da^e, L-aspacaginasa, aKO~l ,3-S-glucansse , ana endo~-l,3- 
^-glucaaaee^ 

3. A D^sA s-scuenco according to dais's 2 wherein 
the e.rAogenoiJs y«ast polypeptide camprising a portion 

-5 of the airdno te.t:7r.in.;il regioa of said hybrid polypeptide 
coded for includes a sequence of axaino ecid residaes 
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duplXcativa of one or more sequences exfesnt; in the amino 
r,ssrminaX region of the polypeptiae precuc^or Of yeast 
mating t&ctot a, 

4* A 0N"A sequence accord inq to cl^lis 3 ^v-nereXn 
an as$ino acid sequence duplicated „s as follows j 



10 



5. sequence accor3ing t.o clxtni 3 wherein 

an amino acid sequence duplicated in said hybrid polypep- 
tide is m Mlo^B t 

Lew-Phe-XIe-AsK-Thr-Tbr-Ile-AXa-'Ssr'-Xle-Aia-AXa-LYS-'Sla- 



6, rsm seqtjencs accord ing to claim 3 wherein 
atj amino acid sequence duplicated In said hybrid polypep- 
tide is selected from the gsoap consiatinf of s 

-ilH-lsy g-A^g HSIts-IU.a-Olu-Ala-GlU'-Ala-Cao- , or 



7, A DMA segaanca accor^^ing to claim 3 wherein 
an amino acid segaence doplXcafeed in said hyforXd polypsp~ 
tide is as follows j 



NH^-~Met-Arg'"Pbe-Pro~-Ser-Iie-Pha-Thr^Aia-VaI~Xteu-?he-~Ala- 
20 

x^Ia'"Ser-Ser"'AlaL~I,et2-Aia~AlS"Fro«¥aX-»Asn-Tbr-Tbr-!J?hr-<31«- 

30 40 
Asp-~Giu~-Thr-Ala-{3ln™Ila-Pro-Aia-Glu™Ala-Val~Ile™Gly~Tyr" 

SO 

Ser-Asp--Leu-Gla-aiy-Asp-P.he^Asp-'??a^"^--^"'*^'«^'"^^^^'^^ 
35 sq" . 

Ser -Aan-Sec: -Th sr -asn-Asn-Gly-Leu -Leu-Phe -Xle-Asn-Tbr -Thr - 
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5 8, A DHA sequence accoraing to claim 1 whersin 

a portion of ths carboxyl terislnal re9i<»« <3f said hybrid 
polypeptia^ coded for also comprises aa ^ndo^enous poly- 
peptide inclodiag a sequence og amino acta residues 
duplicative of one or more sequences U) extajsit in the 
10 carl303?yl tecminaX region of an endogenous polypeptiae 
precursor of a y^ast-secreted polypeptide, and (2) 
normally proteolytically clssved t£om the yeast-secreted 
portion ot the precursor polypeptide prior to secretion* 

IS 9. A -Dt^A sequence according to claim S wherein 

the endogenoua yeast polypeptide cornprising a portion 
at the carboxyi terminal region of said hybrid poi^^'pep™ 
tide coded gor includes a sequence og a^ino acid residues 
duplicative c£ one ot mora saquencas extant in the carb- 

20 osyl terminal region of a polypeptide precurBor o£ yeast 
mating factor a, 

10, & sequence according to claim 9 
wherein an amino acid sequence duplicated in said feybrid 

25 polypeptide is selected from the group consisting of s 
-tlH-Lys-Arg-GIu-Ala'-aia-Ala-CSlu-Ala-COO-f and 
-MH~Lys--Arg'*aiu-AIa«'Asp»Ala'-Glu-Ala--COO-', 

11. A mA B^ign^ncB according fco claim 1 

30 wherein the exogenous polypeptide in the car boxy X tersi-» 
insl ration ot the hybrid polypeptide coded for is a 
mamalxaii polypeptide * 

la, A DMA sequence according to cialrn II 
35 wherein the laaneaiian polypeptide is human 0~enaor,ph.ln« 
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13, A yeast e^Xl transforsaafcioft vector com-" 
prising a DHA sequence according to claim 1* 

14. A yeast cell transformation vectos accord- 
ing to clain5 13 v/hersin expession of said .DNi\ sequence 

la regulated by a pcomo^rer/reguiator DMA seguanca dupli^ 
cative of tbat regulating ^adogenous ^xpeession of tha 
s®lact€ia precursor polypeptide. 

_ , . . , ^ . . . 

A C';^^„ r^ranstorma- ion vec-or accord-" 

Ing to claiia 13 which is plasmid pYosS, ATCC K'o. 40068, 

16. A y&ast cell trans format Ion v^^ctor accord- 
ing to claim 13 sfii icb is plasmi<3 pYcaE, ATCC Ho. 40069. 

IS 

17* & metfecd for production of a s)sl®ct®d 
essofenous polypeptidiS in y^aet cells comprising j 

traijsforising s'ssst cells with a Wl^ ^«sc;tct 
according to claim 13? 

incubating yeast cells so transformers under 
conditicns facllltafeive of yeast cell growth and snalti- 
plication, th© tranecripfcion asid translation of the tmA 
se<3uonoe cosiprlsing said ^«ctor , and the intracellalaj: 
processing toward secretion of said selected exogenoiis 
polypeptide into ths yeast cell periplasmic space and/or 
the yeast cell growth mediumi and 

isolating the s<siected exogenous polypeptide 
froia the yeast cell periplasMc space and/or the yeast 
ceil growth medium* 

30 

18 X A sjechovi: for securing production in yeast 
cells of polypeptide produces displaying one or more of 
-the feiologioal activities of auisan S-cndorpbin comprising s 

transforming yaast cells ^-Ith a mh v?ector 
^ccocding to claim 15 or claiis 16? 
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incubating yaast cells so transgormsd tsiider 
conditions £«ciiitati9s of yeast cell growth and raulti- 
plication f transcription and translation of said DSA 
seqtssne® coding for a hybrid, |L<^u^^l .S-endorphin- 
containing, polypsptiae in said vect:or, and the intra- 
cellular processing toward secretion, of polypeptide 
products displayiti^ one or ajore of fche biological activi- 
ties of ^-endorphin into the ysast cell growth madiuxsi 
and 

isolafclng the desirea polypeptide products from 
the yeast cell s^ro^srth iRedium, 



IS 



25 



30 



fl^TEHrslATIOSNIAL SEARCH REFOIIT 



FCT/UvS8^f/006"01 



Biosis Frevlev?^ 1969-1964 
Cbsmieal Abst2»aets loST-XgS^s 



}, 255, 31TI 



Frob^ln Indentlf ioation 



N^v Mly&noiiara ©t ai-, Froc. Hatl. Aca-d. Scl* 
USA, ¥olx 80, No* issued January 1983 « 



issued October 19 



Vol. 30, Ho, 3, 



j . .l9S2i Baxter'; et al» 

A Sep, a, 006005T> published 15 Saptaimbsr 1962 

I Hit aeman ex; al „: 

A.r Stspiers , st al., Gene, Tol. S^* Mo* 2-3, 
i ' Issued Decsisbar I9B3, Pages 289-29? - 

A !ep,, a, 0073635, published 9 March X983* 

1 KlngSBian efc al- 



A.P jns. A, 4,430,4 



published 7 February 1984 
F3?aser et alv 



11, 12 * IS 

1,8,11*13-17 

1,8,11,13-17 

1,8,11,13~XT 

1,8,11^3-17 



'''^llilMi ^^'-'^^'■-^ 17 April 1984, 



£1 Jiaie 1984 



^^ISA.'^I^. 



